ABSTRACT To test the hypothesis that regional fat and not total body weight has a protective effect on bone mineral density (BMD) in postmenopausal women, a cross-sectional study was conducted during the period from March 2008 to June 2009 on 303 healthy postmenopausal women presenting to the osteoporosis unit for screening purposes. BMD of the lumbar spine, L2-L4, and the neck of the left femur were measured by dual energy X-ray absorptiometry. Regional fat percentage was measured using the same scanner. While overweight was an independent protective factor for both spinal and femoral osteoporosis (OR = 0.397, 95% CI: 0.214-0.739; OR = 0.289, 95% CI: 0.151-0.553 respectively), regional fat percentage was not. 
Introduction
With increasing life expectancy, osteoporosis is becoming a major worldwide health problem affecting the elderly, especially women. The magnitude of the disease may become larger in developing countries, more particularly in the Middle East region where the prevalence of low bone mass is higher [1] .
Recent studies have shown that obesity and osteoporosis share several common genetic and environmental factors [2] . Body fat mass, a component of body weight, is an important measure of obesity, and a considerable evidence indicates that fat mass may have beneficial effects on bone [2] . Women with more body fat have lower rates of bone resorption (an independent predictor of fracture) during menopause than women with less body fat [3] . In women, bone mineral status is much more closely associated with total body fat [4] and in a multivariate model total fat mass alone was correlated with whole body BMD [5] .
To corroborate the reported data that regional fat topography may influence the bone mass independently of total adiposity [6] , this study aimed to test the hypothesis that regional fat and not total body weight has a protective effect on BMD in postmenopausal women.
Methods
The study population consisted of all 303 apparently healthy postmenopausal women (women who had not had a menstrual period for ≥ 1 year [7] ) presenting to the Osteoporosis Unit, Geriatrics and Gerontology Department, Ain Shams University Hospitals, Cairo for screening for BMD over a period of 16 months, March 2008-June 2009. There were no refusals to participate and all women gave verbal informed consent.
None of these women had a history of diagnosed low BMD and no history of any proven risk factor for osteoporosis apart from all being postmenopausal. None of the women had ever received any anti-resorptive treatment or any other drugs with known effect on bone mass.
BMD was measured by dual-energy X-ray absorptiometry (DEXA). Measurements were done at 2 sites: the lumbar spine (L2-L4) in the anteroposterior position, and the proximal femur (neck) on the left side using a densitometer (LUNAR DPX-MD+). Percentage regional fat in the paraspinal area and around the neck of the left femur was measured using the same scanner. All scans were performed by trained physicians and analysed by the researcher. Quality control procedures were followed in accordance with the manufacturer's recommendations. Daily routine calibration was done using the standard phantom supplied by the manufacturer. According to the manufacturer's recommendations, scan velocity was selected according to trunk height: fast mode for scanning subjects who are < 15 cm thick in the trunk region, medium mode for those who are 15-25 cm thick and slow mode for those who are > 25 cm thick. Abdominal sagittal height was used as an index of trunk height.
Weight and height were measured using a weighing machine with a height measuring scale (Wunder, Italy). Each woman was measured without shoes, standing with her feet together, and with her heels against the wall, standing totally erect and looking straight ahead without tipping the head up or down. The top of the ear and the outer corner of the eye were in a line parallel to the floor. Body mass index (BMI) was calculated as weight (kg)/height (m)². Women were classed as overweight if their BMI was > 27.3 kg/m 2 and obese if BMI was > 30 kg/m 2 [8] . The collected data were coded, tabulated, revised and statistically analysed using SPSS, version 17. Descriptive statistics were done for numerical data using mean and standard deviation and for category data by number and percentage. Correlations were done using the Pearson correlation. A logistic regression model was done for detection of the independent risk factors for osteoporosis of the lumbar spinal and the neck of the left femur. The significance of individual coefficients in the model was assessed by the HosmerLemeshow test for goodness of fit and Wald χ 2 statistics. Level of significance was taken as P-value < 0.05.
Results
The age range of the 303 participants involved in this study, all apparently healthy postmenopausal women, was 56.6-9 0.0 years; 135 (44.6%) women were aged < 65 years, 132 (43.6%) were 65-< 75 years and only 36 (11.9%) were ≥ 75 years (Table 1 ). Age at menopause ranged from 29 to 61 years.
A total of 44.9% of the women reported a history of hypertension, but ). Osteoporosis of the lumbar spine was found in 52.0% of the participants (T-score ≤ -2.5) and 25.7% had osteoporosis of the neck of the left femur.
Only 105 of the 303 participants had a recent lipid profile (total cholesterol and triglyceride levels) in their medical records: 53.3% of them had hypercholesterolaemia (> 200 mg/dL) and 22.9% had hypertriglyceridaemia (> 160 mg/dL).
BMD of the lumbar spine and the neck of the left femur was significantly positively correlated with weight and paraspinal fat percentage (P < 0.05) ( Table 2) .
For further analysis, the sample population was stratified according to body weight into quartiles. Correlations between BMD and regional fat percentage within weight strata showed that there was no statistically significant correlation between BMD and regional fat percentage at both sites (Table 3) . 
‫املتوسط‬ ‫لرشق‬ ‫الصحية‬ ‫املجلة‬ ‫عرش‬ ‫السابع‬ ‫املجلد‬ ‫عرش‬ ‫احلادي‬ ‫العدد‬
A logistic regression model for detection of independent risk factors for spinal and femoral osteoporosis was carried out. By successive removal of the least significant risk factors, the final model indicated that, while regional fat percentage failed to be significantly associated with osteoporosis (OR = 0.972, 95% CI: 0.945-1.0, P = 0.05 for paraspinal fat percentage), overweight had an independent effect on BMD of both the lumbar spine and the neck of the left femur (Tables 4 and 5 ).
In overweight women (BMI > 27.3 kg/m 2 ), the risk of having spinal osteoporosis was 0.92 times lower and the risk of having femoral osteoporosis was 1.24 times lower than normal weight women (Tables 4 and 5) , and for every kilogram increase in weight, OR for BMD would decrease by 0.397 for spinal osteoporosis and 0.29 for femoral osteoporosis.
Discussion
The hypothesis that there is a protective effect of regional fat and not the body weight on BMD in postmenopausal women was tested in this study.
BMD of both lumbar spine and neck of left femur were associated with the traditional risk factors; BMD decreased with ageing, lower menopause age and more years since menopause (more time with lower estrogenic state). In addition, BMD had a statistically significant positive correlation with body weight and BMI. Furthermore, the results of the current study revealed that BMD was significantly positively correlated with regional fat percentage (higher values of fat mass may have a protective effect on bone density [5] ). However, when logistic regression analysis was done, regional fat failed to show an independent effect on low BMD, while total body weight was protective against low BMD. There was also no statistically significant correlation between BMD and regional fat percentage in both sites within the weight strata.
A number of mechanisms for the fat-bone relationship exist and include the effect of regional soft tissue mass on skeletal loading and the association of fat mass with the secretion of bone active hormones (e.g. estrogens and leptin) from the adipocyte, as well as the secretion of bone active hormones from pancreatic beta cells (including insulin, amylin and preptin) [9] .
The conflicting results suggest that there is a complex relationship between fat mass and bone mass, which is likely to be related to the patient's age, sex and ethnicity [10] . 
